Introduction: Hospital mortality among chronic obstructive pulmonary disease (COPD) patients receiving NIV for acute respiratory failure has shown to be significantly higher in clinical settings than in the randomized trials (RCTs) which clinical guidelines are based on. This may be due to the quality of care of NIV or patient selection. In daily clinical practice, we include patients with terminal pulmonary disease with a do-not-intubate (DNI) or a do-not-resuscitate (DNR) order with a high mortality risk compared to highly selected patients in RCTs. The aim of this study was to determine the role of patient selection for in-hospital mortality among patients receiving NIV for acute respiratory failure of COPD. Methods: We conducted a retrospective study including all patients receiving acute NIV due to acute respiratory failure at the respiratory wards in 2012-2013 at two hospitals in Greater Copenhagen. Results: Overall in-hospital mortality rate was 30%. In patients with a DNI/DNR order, mortality was 59% and in patients with no limitations in treatment 2%. Patients who fulfilled the exclusion criteria of the RCT by Plant et al. had a mortality of 41% compared to 25% in the remaining population. Conclusions: High overall in-hospital mortality reflects that patient selection in clinical practice is very different from RCT. Quality of acute NIV treatment seems acceptable in clinical practice for patients with less severe COPD and no limitations in treatment. Higher mortality in patients with DNI/DNR order may be due to inefficient NIV treatment for these patients with more severe COPD.
Introduction
Chronic obstructive pulmonary disease (COPD) is a global health concern and is according to the World Health Organization (WHO) the fourth leading cause of death globally [1] . In Denmark, 400,000 people are estimated to have COPD, accountable for 22.000 hospital admissions annually [2, 3] . In about 11% of these hospital admissions, patients are treated with noninvasive positive-pressure ventilation (NIV) due to acute hypercapnic respiratory failure (AHRF) secondary to exacerbation of COPD [2] .
Treatment with NIV has been implemented globally based on randomized controlled trials (RCT) [4] [5] [6] of which the study by Plant et al. [5] published in The Lancet in 2000 is possibly the most renowned. Since NIV has become a primary treatment option as add-on to the usual care for treatment of AHRF due to exacerbation of COPD, there has been a decrease in mortality and need of intubation, more rapid improvement and decrease in hospital stay for this patient group [6] .
Acute NIV was implemented in Danish hospitals in 2005-2010 with national recommendations and local guidelines based on the RCTs for indication and practical conduct of treatment. In-hospital mortality among COPD patients receiving NIV for AHRF has shown to be significantly higher in clinical setting than in RCTs [7, 8] . Higher mortality can be explained by the quality of care and efficiency of NIV treatment, or by patient selection for treatment. In daily clinical practice, acute NIV treatment is also provided to patients with a terminal condition, with a 'do-not-intubate' (DNI) or a 'do-not-resuscitate' (DNR) order and a high mortality risk.
In the present study, we aim to (1) conduct a quality review of acute NIV treatment in a standard clinical setting, (2) to describe in-hospital mortality particularly in relation to the role of patient selection in two major respiratory wards in Copenhagen and (3) compare inhospital mortality in our cohort to the study population of the RCT by Plant et al.
Material and methods

Data extraction
Data on all patients receiving acute NIV for any cause at the respiratory wards at two hospitals in Greater Copenhagen, Bispebjerg Hospital and Gentofte Hospital, from 1 January 2012 to 31 December 2013, were retrospectively retrieved. Records of all patients were reviewed 2 years after discharge from index admission by three of the authors, SHS, DBR and KLA. Data were extracted according to a predefined protocol: baseline characteristics at index admission, data concerning index admission, number of readmissions and mortality.
Guidelines for NIV treatment
All patients were admitted through the acute medical ward, where initial examination was performed with arterial blood gas analysis, blood samples and chest X-ray. Patients with assumed acute exacerbation of COPD were treated with inhaled bronchodilators, systemic corticosteroids and if indicated oxygen therapy and antibiotics.
According to local guidelines and national recommendations by the Danish Society of Respiratory Medicine, AHRF with indication for NIV was defined as pH < 7.35 and PaCO 2 > 6 kPa after 1-2 h of initial treatment in patients with a recognized or suspected COPD diagnosis, with worsening of dyspnoea and/or respiratory rate of more than 25 per minute and/or PaO 2 < 7 kPa without oxygen supply [9] . In contrast to the RCT by Plant et al., recommendations did not include a specific respiratory rate of more than 23 -per minute, or a criterion of AHRF within a maximum of 12 h after admission. Patients developing AHRF during admission, regardless of time of debut, were treated with NIV in accordance to clinical guidelines and included in the present study. Arterial blood gasses were taken at debut of respiratory insufficiency and obtained in the data set. Unfortunately as a retrospective study, we were not able to differentiate how many patients who developed AHRF more than 12 h after admission, nor do we have data on their admission previous to the debut of AHRF.
Patients were transferred to the respiratory ward for NIV treatment according to the national recommendations by the Danish Society of Respiratory Medicine. Guidelines were unchanged during the study period. Recommended initial inspiratory positive airway pressure (IPAP) was 10 cmH 2 O and expiratory positive airway pressure was 4 cmH 2 O. Medical staff, including physicians and nurses, had all been trained in handling NIV and in guidelines of treatment.
Patients who had been treated with NIV at the intensive care unit (ICU) but had not been intubated were also included in the study as they were moved to the respiratory ward for further NIV treatment.
COPD was defined in accordance to The Global Initiative for Chronic Obstructive Lung Disease guidelines 2012 [10] and diagnosis was made by the treating physician based on clinical history, spirometry and physical examination.
Subgroup analysis
We performed two subgroup analyses:
(1) Patients with a DNI/DNR order were compared to patients with no DNI/DNR order. DNI and DNR orders were always presented combined as DNI/DNR order in the records and never obtained exclusively. DNR/DNI orders were placed after assessment of the patient's general daily activity level and functional impairment, severity of disease, comorbid conditions and patient's own wish and with less consideration to the course of current treatment. DNI/DNR orders were placed by a treating physician before, within 2 h after initiation of NIV, or later on during NIV treatment if this had not been done initially. Senior physicians were always consulted and if possible, the patient and their relatives too. (2) A subgroup analysis was performed for comparison of our study population to the populations of the RCT by Plant et al. [5] . Patients who fulfilled the exclusion criteria of the RCT of Plant et al., pH < 7.25 and Glasgow coma scale (GCS) <8, were compared to the remaining patients in the population. As mentioned above, the exclusion criterion of development of AHRF within 12 h of admission of Plant et al. could not be met since patients in the present study were treated with NIV regardless of time of debut of AHRF. Patients with debut of AHRF more than 12 h after admission could unfortunately not be identified and differentiated from patients with AHRF at time of admission in the present dataset. All patients were therefore included in the subgroup analysis, regardless of time for development of AHRF. DNI/DNR order was not an exclusion criterion.
Statistical analysis
Characteristics were presented as numbers and percentages for categorical variables. Continuous variables were presented as medians and interquartile range. We compared differences in groups using Pearson's chi-squared for categorical variables and Wilcoxon rank-sum for continuous variables. Significance was determined at p < 0.05.
Statistical analysis was performed using Microsoft Excel and RStudio Desktop (version 1.1.383).
Ethical considerations
Data and patient information were extracted and handled according to Danish legislation, and with approval from the Scientific Ethics Committee and the Data Protection Board (j.nr: GEH-2014-005, I-Suite nr: 02618).
Results
A total of 304 patients were treated with acute NIV during the 2-year study period. Fifteen patients were excluded due to AHRF not caused by COPD (incorrect COPD diagnosis n = 3, congestive heart failure n = 3, asthma n = 1, pneumonia n = 6, pneumonia and pulmonary oedema n = 2, pneumonia and overdose of opiates n = 1, malignant pleural effusion = 1, idiopathic pulmonary fibrosis and pneumonia n = 1). Accordingly, 286 patients received treatment with NIV for AHRF due to COPD and are referred to as the study population. Among those, 141 (49%) patients had a DNI/DNR order ( Figure 1 ). In 101 patients (72%), the DNI/DNR order was placed before or within 2 h after initiation of NIV treatment, and the remaining 40 patients (28%) received the DNI/DNR order after more than 2 h of NIV treatment. A total of 15 (5.2%) were transferred from the ICU for further treatment in the respiratory ward. Among those, 10 patients needed more NIV treatment while the remaining were stabilized and treated conservative. Further, 21 patients (7.3%) failed NIV in the respiratory ward and were transferred to ICU. 
Baseline characteristics
Baseline characteristics are presented in Table 1 .
Patients with no DNI/DNR order were younger (68 vs. 80 years, p < 0.001), more were male (48% vs. 28%, p = 0.01) and fewer received long-term oxygen therapy (12% vs. 28%, p = 0.004). We then evaluated whether the patients fulfilled the exclusion criteria of the RCT by Plant et al. (pH < 7.25 and GCS < 8). A total of 98 patients fulfilled the exclusion criteria whereas the remaining 183 patients assumedly would have been eligible for the RCT by Plant et al. (Figure 2 ). Due to missing data, five patients could not be evaluated for eligibility (missing initial arterial blood gas n = 3, missing GCS n = 2). There was no significant difference in baseline characteristic within the two subgroups (Table 1) . 
The index admission
In Table 2) .
Mortality
Overall in-hospital mortality was 30.1%. In patients with and without DNI/DRI order, in-hospital mortality was 58.9% vs. 2.1% (p < 0.001), mortality 30 days after discharge was 20.7% vs. 9.2% (p = 0.036), 1 year mortality 53.4% vs. 25.6% (p = 0.002) and 2 years mortality 67.2% vs. 33.8% (p = 0.001), respectively (Table 3) .
Comparing patients who fulfilled Plant et al. exclusion criteria and the remaining patients, in-hospital mortality was higher in those fulfilling the criteria (40.8% vs. 25.1%, p = 0.034) and the median length of hospital stay was shorter (5 vs. 7 days, p = 0.002).
Discussion
In this large retrospective study of 286 patients treated with NIV for AHRF due to exacerbation of COPD in a regular clinical setting, we found an overall high in- hospital mortality of 30%. Patients with a DNI/DNR order had a high in-hospital mortality of 59%. In a subgroup analysis of patients with severe respiratory acidosis (pH < 7.25) who were treated outside the guidelines based on RCTs, we found a significantly higher in-hospital mortality and 1-year mortality compared to the rest of the study population.
The early RCTs on acute NIV by Plant et al. and Brochard et al. found an in-hospital mortality of 9-10% in patients treated with NIV [4, 5] . In a recent Cochrane review, evaluating 17 RCTs, similar inhospital mortality was found: 9.9% in patients treated with NIV vs. 18.3% for patients receiving standard care [6] . When comparing the result of clinical trials with the mortality found in retrospective studies of NIV treatment in clinical practice, outcomes are less encouraging. A national audit of 1077 patients treated with NIV at 232 hospitals in the United Kingdom in 2008 found an in-hospital mortality of 25% [7] . Likewise, a smaller Italian study performed in 2008-2012 by Sainaghi et al. demonstrated a high inhospital mortality of 27% [11] .
Patients with severe disease are rarely eligible for RCTs although they represent a major part of patients treated in everyday clinical practice. In the present study, the study population was a rather heterogeneous group of COPD patients including the most chronically disabled, whereas a RCT includes a more homogeneous, selected population according to strict predefined criteria. Looking at the baseline characteristics of the RCT by Plant et al., there are considerable differences compared to the study population in the present study. The population of the RCT was younger than in the present study, average 69 years compared to median 75.5 years in the present population. Likewise, pH before NIV was 7.32 versus 7.27 in the present study. Plant et al. excluded patients with pH < 7.25, arguing that prognosis of these patients is poor without ventilator support and therefore it would be unethical to randomize these patients. In the present study, patients with low GCS, pH < 7.25 and high pCO 2 were also treated with NIV as this is considered as the last chance of survival. These factors result in the poorer survival of patients receiving NIV treatment in the present study.
The in-hospital mortality of the present study of 2% in patients with no DNI/DNR order, 59% in patients with a DNI/DNR order and 41% in patients who would have been excluded in the Plant study reflects the clinical reality and heterogeneity compared to the RCTs on which our guidelines are based. Still, a considerable proportion (41%) of the most ill COPD patients, patients with a DNI/DNR order, survived an acute exacerbation with need of NIV treatment in the general respiratory ward. Nevertheless, the overall mortality in the present study was high and may reflect the fairly conservative national NIV guidelines at the time of the study, recommending rather and modest peak IPAP. Especially for patients with lack of initial response to NIV, better outcome can be assumed if IPAP is increased to 18-20 cmH 2 O within the first hour and rapidly increased further if needed. Unfortunately as a retrospective study, we were not able to collect sufficient data on pressure settings and the increase of those in accordance to blood gas pH at hours 1 and 4 of NIV treatment. This is essential for further analysis and a limitation of the study.
Studies of long-term NIV at home in COPD with chronic hypercapnia have shown that high IPAP of up to 30 cmH 2 O is possible and well tolerated by patients and increases survival [12] . In daily practice, we find that high IPAP is tolerated by many patients in the acute setting too. Studies are needed to demonstrate whether use of higher IPAP when needed improves survival.
A recent Cochrane review showed significantly greater benefits of NIV in patients with severe acidosis (pH < 7.30) than in patients with mild acidosis (pH 7.30-7.35) [6] but these patients must be monitored closely due to high risk of treatment failure and need of ICU treatment. Accordingly the latest ERS/ATS guidelines suggest no lower limit of pH for acute NIV treatment of patients with COPD and AHRF, though low pH is associated with a high risk of treatment failure [13] . Treatment of severe acidosis with NIV in ICU settings has been found efficient and safe. In a RCT, Khilnani et al. investigated NIV for treatment of severe acidosis (pH < 7.25) in COPD patients and concluded that the treatment was safe with rapid improvement of blood gases, less need for intubation and reduction in length of hospital stay compared to patients treated with conventional therapy [14] . In a prospective observational study, Diaz et al. studied treatment of patients with AHRF and coma (GCS < 8) with NIV, where COPD patients represent the largest subgroup. In-hospital mortality rates were generally high, with no difference in patients in coma or awake. Response rate was high in patients with COPD, with rapid improvement of GCS, pH and pCO 2 within the first hour of NIV treatment [15] . In the present study, pH < 7.25 and low level of consciousness were associated with a higher degree of DNI/DNR orders and accordingly associated with even higher mortality than need of ICU treatment. This means that mortality may as well reflect the willingness to try NIV in the most severely (acute and chronic) ill COPD patients where NIV may offer the last chance of survival. It is crucial with further prospective studies on acute NIV treatment, performed on patients with more severe disease and with higher risk of treatment failure to investigate possible association with more aggressive NIV treatment and higher IPAP on successful treatment and survival. New danish national recommendations and local NIV guidelines implemented in 2017 recommend accelerated rise in IPAP if there is no significant effect of initial NIV treatment.
As for all retrospective studies, we have the issue of missing data in reviewed records, reducing the size and power of a study. For all parameters though, missing data were randomly distributed in subgroups, minimizing potential confounding factors. There is always the concern of selection bias, detection bias, reporting bias and confounding and results are therefore not directly comparable to RCTs. To minimize risk of bias, all records were reviewed according to a predefined study protocol. As the present study is a descriptive study of clinical practice, it is most likely presenting a more accurate description of challenges in treating patients in everyday ward than the RCTs.
As a retrospective study in a clinical setting, the data available was collected for clinical purposes of treatment without considering precise time or protocols. Clinical guidelines and criteria for AHRF and NIV treatment and physicians assessment do not fully meet the inclusion and exclusion criteria of RCT and data are therefore difficult to compare fairly. As previously mentioned, the national guidelines of the Danish Society of Respiratory Medicine differed from the inclusion and exclusion criteria of Plant et al. with no strict limit of respiratory rate and not including 'AHRF within 12 h of admission'. In the clinical setting, patients were treated with NIV regardless of onset of AHRF on admission or later during admission. Unfortunately, the dataset does not allow us to identify the time for debut of AHRF. Attempting to make a true comparison with the population of the RCT by Plant et al. and the study population is therefore limited as exclusion criteria are not completely met. Nevertheless, we find the comparison important from a clinician's perspective with less strict inclusion and exclusion criteria in daily practice. The British NCEPOD report of 2017 indicates higher mortality if NIV treatment was initiated at a later stage of admission [16] . This may also be reflected in the results of the present study.
Conclusion
This large retrospective study showed that patients receiving NIV at respiratory wards in Denmark are often more severely ill compared to the study populations in randomized controlled trials of NIV, resulting in a poorer prognosis. High-quality prospective studies are required to investigate the appropriate application of NIV to patient groups with more severe COPD and including patients with severe acidosis, reflecting patients treated in everyday clinical practice.
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